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Siderophores are high-affinity iron-chelating ligands produced by microorganisms to scavenge
vital Fe3 from the environment. Thus, siderophores constitute potential therapeutic targets
and their structural determination is important for exploiting their therapeutic value. Here, the
virulence-associated siderophore petrobactin from Bacillus anthracis was characterized with
electron capture dissociation (ECD). Fragmentation of doubly protonated petrobactin was
investigated and compared to sustained off-resonance irradiation collision-activated dissoci-
ation (SORI CAD) and infrared multiphoton dissociation (IRMPD) of both the singly and
doubly protonated species. These experiments demonstrate that ECD provides additional
information (complementary bond cleavages) on the structure of petrobactin compared to both
SORI CAD and IRMPD. Furthermore, complexes of petrobactin with divalent (Ca2, Fe2, and
Co2) and trivalent (Fe3 and Ga3) metal cations were also subjected to SORI CAD and ECD.
Again, most structural information was obtained from the ECD spectra. However, significant
differences were found in both SORI CAD and ECD of metal complexes, dependent on the
nature of the metal ion. Intriguingly, unique behavior, consistent with a recently proposed
solution-phase structure, was observed for the highly preferred Fe3–petrobactin
complex. (J Am Soc Mass Spectrom 2007, 18, 842–849) © 2007 American Society for Mass
SpectrometrySiderophores are low molecular weight, high-affinity iron-chelating agents produced by bacte-ria, fungi, and marine organisms to solubilize and
scavenge Fe3 from the environment [1– 4]. A wide
structural versatility has been found in the more than
200 siderophores reported so far [4]. These molecules
can be classified into two main types with respect to
their iron-binding groups: catecholate and hydroxam-
ate. For example, petrobactin biosynthesized by both
the marine bacterium Marinobacter hydrocarbonoclasticus
[5] and by Bacillus anthracis [6, 7] is a catecholate-type
siderophore, whereas most siderophores (such as fusa-
rinines, corogens, and ferrichromes) produced by fungi
belong to the hydroxamate family [4].
Structural determination of siderophores is essential
Published online February 28, 2007
Address reprint requests to Dr. Kristina Hakansson, University of Michi-
gan, Department of Chemistry, 930 N. University, Ann Arbor, MI 48109-
1055, USA. E-mail: kicki@umich.edu
© 2007 American Society for Mass Spectrometry. Published by Elsevie
1044-0305/07/$32.00
doi:10.1016/j.jasms.2007.01.005for understanding their Fe3 chelation properties. Elec-
trospray ionization mass spectrometry (ESI MS) and
tandem mass spectrometry (MS/MS) have proved to be
powerful techniques for detecting and identifying sid-
erophores [5–23]. For example, Gledhill demonstrated
the utility of these techniques for characterizing
hydroxamate-type siderophores, including ferrioxam-
ine, ferrichrome, and iron(III) rhodotoluate [9]. The
same research group also showed that coupling of
high-performance liquid chromatography (HPLC) with
ESI MS is an effective strategy for separation and
identification of siderophores in complex samples [19].
Gibson and coworkers applied MS/MS to characterize
exochelin siderophores and found that its side chains
are both saturated and unsaturated and terminated
with either a caboxylate group or a methyl ester [11, 21].
These results contrasted with the previous observation
that exochelins are unsaturated and terminated with
carboxylic acid [16]. Butler and coworkers used ESI MS
and MS/MS for structural characterization of several
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MS and MS/MS techniques have also been applied to
siderophores complexed with metal ions. For example,
Groenewold et al. [12] investigated the fragmenta-
tion of desferrioxamine siderophore complexed with
UO2
2, Fe3, and Ca2 upon collision-activated dissoci-
ation (CAD). It was found that the most abundant CAD
product ions were those associated with cleavages of
the hydroxamate moieties, which are involved in metal
complexation. In other work, complexes of desferrifer-
ricrocin siderophore with Fe3, Cr3, Al3, Ga3, Cu2,
and Zn2 were synthesized and characterized with ESI
MS and other techniques [22]. Here, the hydroxamate
groups and amide nitrogens/carbonyl oxygens were
found to be bound to the metal ions.
To our knowledge, CAD is the only MS/MS tech-
nique that has been used for structural characterization
of siderophores. During the past decade, electron cap-
ture dissociation (ECD) [24 –26] has emerged as a pow-
erful complementary MS/MS strategy for biomolecular
structural determination, particularly for peptide and
protein analysis. ECD results in cleavage of peptide
backbone NOC bonds, forming c- and z-type product
ions in contrast to the b- and y-type ions resulting from
conventional MS/MS techniques (such as CAD). A very
attractive feature of ECD is that labile posttranslational
modifications (PTMs) preferentially lost on collisional
activation can be preserved [27–30], thereby allowing
their localization. In addition, this “soft” nature of ECD
allows cleavage of protein NOC bonds without dis-
rupting noncovalent interactions, thereby providing
higher-order structure information [31–33]. ECD has
also been shown to yield complementary structural
information compared to CAD for other macromole-
cules, including polymers [34, 35], oligonucleotides
[36 –38], and lantibiotics [39]. Here, we present ECD of
a B. anthracis siderophore, petrobactin, carrying two
protons, or a metal cation. ECD fragmentation patterns
are also compared to those obtained with sustained




Bacillus anthracis strain Sterne 34F2 was grown in an
iron-depleted medium (IDM), prepared as described
previously [7, 40], to induce siderophore production.
Cells were removed from the culture broths by filtration
in 0.20-m filter flasks (Corning Inc., Corning, NY).
Supernatants were adjusted to pH 7.0 and subsequently
loaded onto a column packed with Amberlite® XAD-16
(Supelco, Bellefonte, PA). After water washing, 100%
methanol was applied for elution of bound material.
Highly purified petrobactin was obtained by prepara-
tive high-performance liquid chromatography (HPLC)
with a C18 reverse-phase semi-prep column (Symmetry
Prep C18, 7 m, 7.8  300 mm, Waters, Milford, MA).HPLC separation was performed on a Beckman Coulter
system (Fullerton, CA) with a diode-array detector
using a linear stepwise gradient from 5 to 50% aqueous
acetonitrile in 0.1% (vol/vol) trifluoroacetic acid (TFA)
at a flow rate of 1.5 mL/min over 40 min. HPLC peaks
with siderophore activity were collected and lyophi-
lized for mass spectral analysis.
Electrospray Ionization Mass Spectrometry
Gas-phase protonated and metal-adducted petrobactin
(monoisotopic molecular weight  718.3536 Da) were
generated by ESI at 70 L/h (Apollo ion source, Bruker
Daltonics, Billerica, MA) of a spray solution (1:1 MeOH:
H2O) containing 10 M petrobactin and a mixture of




Fe2, and Co2; My
3  Fe3 and Ga3), respectively.
Acid was not added for two reasons: first, two
additional high-abundance ions, suppressing the sig-
nal from petrobactin, appeared when acid was
present; and, second, favorable conditions for detec-
tion of siderophore–metal complexes were needed.
FeBr2, CoBr2, and GaCl3 were purchased from Al-
drich (St. Louis, MO), whereas FeCl3 and CaCl2 were
purchased from Aldrich (Milwaukee, WI) and Fisher
(Fair Lawn, NJ), respectively. All mass spectra were
collected with an actively shielded 7-Tesla Fourier
transform ion cyclotron resonance (FT-ICR) mass spec-
trometer with a quadrupole front end (APEX-Q, Bruker
Daltonics). Ions produced by ESI were externally accu-
mulated in a hexapole for 2 s, transferred by high-
voltage ion optics, and captured in an Infinity ICR cell
by gated trapping. This accumulation sequence was
looped six times to improve precursor signal-to-noise
(S/N) ratios (high S/N ratios are required for ECD
[24]).
Tandem Mass Spectrometry
In MS/MS experiments, mass selective external accu-
mulation of protonated or metal-adducted petrobactin
ions was followed by further isolation by correlated
harmonic excitation fields (CHEFs) [41] inside the ICR
cell. For ECD, low-energy electrons were provided by
an indirectly heated hollow dispenser cathode [42] with
a bias voltage of 1 V. An electron irradiation time of
300 ms was used for both protonated and metal-
adducted petrobactin ions. For SORI CAD, a radio
frequency offset by 1000 Hz from the precursor ion’s
cyclotron frequency was applied for 4–16 ms while
argon was pulsed into the ICR cell to a pressure reading
of about 107 mbar (gauge calibrated for N2). For
IRMPD, petrobactin ions were irradiated by infrared
photons provided by a CO2 laser (25 W, 10.6 m;
Synrad, Mukilteo, WA). Laser irradiation lasted for
70–120 ms at 40% laser power. All data were acquired
with XMASS software (version 6.1, Bruker Daltonics) in
broadband mode fromm/z 100 to 2000 with 256–512K
data points and summed over 32 or 50 scans. Mass
844 LIU ET AL. J Am Soc Mass Spectrom 2007, 18, 842–849spectra were analyzed with the MIDAS analysis soft-
ware [43]: a Hanning window function was applied and
the datasets were zero filled once before fast Fourier
transformation and magnitude calculation.
Results and Discussion
SORI CAD and IRMPD of Protonated Petrobactin
We previously used SORI CAD to characterize the
structure of petrobactin [7]. In those experiments, loss of
H2O was the dominant process for singly protonated
petrobactin, whereas two abundant product ions at
m/z 137.03 and 194.08 were observed for [petrobactin
2H]2 (the structure of petrobactin and the identity of
these product ions are shown in Scheme 1).
For both charge states, two minor product ions at
m/z  282.18 and 438.19 were also detected. Formation
of the product ions at m/z 137.02, 282.18, and 438.19 is
associated with cleavage of three amide NOC(O) bonds
in petrobactin. However, the product ion at m/z 
194.08 is produced through rupture of an amine
NOC(C) bond. Another minor product ion assigned to
[583.35  H2O]
 was observed in SORI CAD of
[petrobactin  H]. This product ion is structurally
complementary to the one at m/z  137.02 with the
exception of the additional H2O loss. No product ions
corresponding to COC bond cleavage were observed.
These results are consistent with those obtained with a
Q-star quadrupole time-of-flight mass spectrometer [6].
Figure 1 shows the MS/MS spectra resulting from
IRMPD of singly and doubly protonated petrobactin.
The IRMPD spectrum of [petrobactin  H] (Figure 1,
top) is nearly identical to the SORI CAD spectrum of the
same species [7]. However, significant differences be-
tween IRMPD and SORI CAD were found for doubly
protonated petrobactin. First, the product ion at m/z 
137.02, the most abundant fragment in SORI CAD [7], is
not observed after IRMPD. Second, an additional prod-
uct ion atm/z 265.16 is found in the IRMPD spectrum.
This product ion may be a result of direct fragmentation
of a NOC(C) bond and/or secondary fragmentation
involving NH3 loss from the product at m/z  282.18,
consistent with the higher propensity for secondary
fragmentation in IRMPD resulting from further activa-
tion of products remaining in the laser path. Finally, the
relative abundance of the product ions at m/z  282.18
and 438.19 is significantly higher in IRMPD compared
Scheme 1. Structure of petrobactin and summary of observed
bond cleavages in IRMPD and SORI CAD of the protonated
species. The dotted line represents a cleavage that was observed
only in SORI CAD of [petrobactin  2H]2.to that in SORI CAD. These differences may be related
to differences in the amount of secondary fragmenta-
tion and the different activation processes involved in
CAD versus IRMPD: CAD fragmentation is generally
charge mediated (i.e., mobile proton mechanism [44]),
whereas resonance excitation of certain functional
groups (such as carbonyls) occurs in IRMPD.
The preferred fragmentation of the central citrate
moiety, resulting in H2O loss (although this product
could also originate from the dihydroxybenzoyl
groups), and the product ions at m/z  282.18 and
438.19 in SORI CAD and IRMPD of singly protonated
petrobactin may be explained by the preferred proto-
nation of that functional group. For [petrobactin 
2H]2, the presence of a second proton can contribute to
additional charge-directed fragmentation pathways in
SORI CAD, including the abundant cleavage of
NOC(O) bonds adjacent to the dihydroxybenzoyl moi-
ety (forming the product ion at m/z  137.02).
ECD of Protonated Petrobactin
One caveat of ECD can be that precursor ions need to
carry at least two charges. However, doubly proton-
ated petrobactin was detected after ESI from the
non-metal-containing solvent (data not shown). Thus,
such ions could be mass-selectively accumulated and
subjected to ECD. The corresponding spectrum is dis-
played in Figure 2. The fragmentation pattern (Scheme
2) observed after ECD is different from that obtained
from either SORI CAD or IRMPD: the abundant prod-
Figure 1. MS/MS spectra resulting from IRMPD (40% laser
power, 16 scans) of [petrobactin  H] (top, 70-ms irradiation)
and [petrobactin  2H]2 (bottom, 120-ms irradiation).uct ions at m/z  137.02 and/or 194.08 found in SORI
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or of very low abundance, after ECD.
In addition, the product ion assigned as [583.35 
H2O]
, which constituted a minor product ion in SORI
CAD and IRMPD, is the dominant product in ECD. (In
all cases, control experiments were performed in which
the hollow cathode was turned on but no electrons were
pulsed. No H2O loss was observed in those experi-
ments.) However, the product ion at m/z  282.18 is
detected after ECD, SORI CAD, and IRMPD. ECD of
[petrobactin  2H]2 generated four product ions at
m/z  583.35, 323.18/324.19, and 411.20 (see bold mass
values in Scheme 2) that were not observed in SORI
CAD or IRMPD of the same species. This complemen-
tary nature of ECD provides valuable additional struc-
tural information. As discussed above, the product ion
atm/z 583.35 is structurally complementary to the one
at m/z  137.02 produced in SORI CAD [7]. Both ions
are formed from rupture of the terminal amide bond.
Interestingly, formation of the three productions at
m/z  323.18/324.19 and 411.20 is associated with
rupture of two COC bonds (which are typically not
cleaved in SORI CAD or IRMPD) close to the central
carboxylate group. It has been shown that carboxylate
groups constitute one of the primary Fe(III)-binding
groups in many siderophores [3, 5, 6]. Thus, our results
may indicate that ECD is better suited for characterizing
such primary metal-binding groups. Moreover, these
results illustrate that ECD, compared to CAD and
Figure 2. ECD spectrum from doubly protonated petrobactin (300
ms, 1 V cathode bias voltage, 50 scans). Electronic noise and
product ions present before electron irradiation (as a result of peptide
vibrational excitation) are labeled with asterisks, 3  3rd harmonic.
Scheme 2. Summary of bond cleavages observed in SORI CAD,
IRMPD, and ECD of protonated petrobactin. Values in bold
denote product ions that were detected only after ECD.IRMPD, can provide complementary information on
the structure of siderophores.
MS/MS of Petrobactin Complexed with Divalent
Metal Cations
To evaluate the utility of ECD for characterization of
metal–siderophore complexes and to explore their frag-
mentation patterns in ECD and SORI CAD, three diva-
lent metal cations (Ca2, Fe2, and Co2) were selected
for complexation with petrobactin. We recently estab-
lished that divalent metal-containing peptide com-
plexes display very different fragmentation behavior in
ECD as a function of metal type [45, 46] and we sought
to establish whether a similar effect would be observed
for petrobactin. For this purpose, ECD and SORI CAD
spectra of petrobactin complexed with Ca2, Fe2, and
Co2, respectively, were acquired. Similar to the results
for protonated petrobactin, these two fragmentation
techniques resulted in very different fragmentation
patterns. In ECD of [petrobactin  M]2 (M  Ca2,
Fe2, and Co2) (see top spectra in Figures 3 and 4 for
the two former examples), the dominant product ion
is the one assigned as [581.33  M], which corre-
sponds to cleavage of one terminal amide bond of
petrobactin. The numerical value used in the nomencla-
ture for metal-containing product ions denotes the mass
of a neutral fragment resulting from homolytic cleavage
of a covalent bond. Similarly, the product ion at 583.35
Figure 3. ECD (top, 300 ms, 1 V cathode bias voltage, 32 scans)
and SORI CAD (bottom, 14-ms argon pulse, 16 scans) spectra from
[petrobactin  Ca]2. Electronic noise and product ions present
before electron irradiation (as a result of peptide vibrational
excitation) are labeled with asterisks, 3  3rd harmonic.
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(Scheme 2) corresponds to [581.33  2H], that is, a
singly protonated even-electron ion. By contrast, two
singly charged non-metal-containing fragments at m/z
 137.02 and 194.08 constitute the most abundant
product ions after SORI CAD of the same species
(bottom spectra in Figures 3 and 4). The same two
products were previously found to be dominant in
SORI CAD of [petrobactin  2H]2 [7]. There are also
other non-metal-containing product ions in the SORI
CAD MS/MS spectra of [petrobactin M]2: for exam-
ple, products at m/z  282.18 and 324.19 are observed
for all three divalent metal cations, whereas the product
ion at m/z  265.16 is found for Ca2 and Co2.
Interestingly, non-metal-containing product ions are
virtually absent [a minor product at m/z  282.18 is
observed for [petrobactin  Ca]2 (Figure 3, top)] in the
ECD spectra of [petrobactin  M]2 (M  Ca2, Fe2,
and Co2) (top spectra in Figures 3 and 4 for the two
former examples). For Fe2 and Co2 (top spectrum in
Figure 4 for the former example), the loss of COOH
from [581.33 M] and formation of [petrobactin  Fe
 H] are also major fragmentation pathways in ECD.
The product ion spectra obtained from ECD and
SORI CAD of [petrobactin  Ca]2 are more structur-
ally informative than those involving Fe2 and Co2.
Here three additional metal-containing product ions,
assigned as [410.19  Ca  H]·, [524.27  Ca  2H],
and [552.30  Ca  2H], are observed after ECD
Figure 4. ECD (top, 300 ms, 1 V cathode bias voltage, 32 scans)
and SORI CAD (bottom, 14-ms argon pulse, 16 scans) spectra from
[petrobactin  Fe]2. Electronic noise and product ions present
before electron irradiation (as a result of peptide vibrational
excitation) are labeled with asterisks, 3  3rd harmonic.(Figure 3, top), whereas three other additional metal-containing fragment ions, assigned as [137.02  Ca 
2H], [308.16 Ca 2H], and [322.18 Ca] are seen
after SORI CAD (Figure 3, bottom). A summary of all
bond cleavages observed in ECD of divalent metal-
adducted species is shown in Scheme 3.
Bond cleavages resulting in products analogous to
the ones assigned as [137.02  Ca  2H], [322.18 
Ca], and [410.19  Ca  H]· were also observed in
ECD of [petrobactin  2H]2 (Figure 2). However, the
products assigned as [308.16  Ca  2H], [524.27 
Ca  2H], and [552.30 Ca  2H] are unique to the
calcium data and correspond to cleavage of two CO C
and one amine NO C bond. In summary, all bond
cleavages observed in MS/MS of protonated petrobac-
tin were seen after ECD and/or SORI CAD of petrobac-
tin complexed with divalent metal cations. Several
additional product ions were detected after ECD of
[petrobactin 2H or M]2 compared to the correspond-
ing SORI CAD results. The fact that [581.33M] (M
Ca, Fe, Co) is the most abundant ECD product ion for
all three divalent metal complexes may indicate that the
gas-phase structures of these complexes are similar.
MS/MS of Petrobactin Complexed with Trivalent
Metal Cations
In biological environments, siderophores almost exclu-
sively select Fe3 over Fe2 [1– 4]. Thus, our next
pursuit involved MS/MS characterization of petrobac-
tin complexed with trivalent metal cations. Figures 5
and 6 display SORI CAD and ECD MS/MS spectra of
petrobactin complexed with Fe3 and Ga3, respec-
tively, with concomitant loss of one proton (presumably
from the carboxylate group), that is, [petrobactin 
Fe/Ga  H]2. Similar to ECD of [petrobactin  Fe]2
(Figure 4, bottom), only limited fragmentation occurred
in ECD of [petrobactin  Fe  H]2 and [petrobactin 
Ga  H]2. The most abundant product ion after ECD
of [petrobactin  Fe  H]2 (Figure 5, top) corresponds
to loss of two water molecules from the [581.33  Fe]
product. By contrast, a non-metal-containing product at
m/z  324.19 is the most abundant fragment after ECD
of [petrobactin  Ga  H]2. Another major difference
between ECD of iron- and gallium-adducted petrobac-
tin is that a charge-reduced precursor ion was detected
for Ga3 but not for Fe3. This difference may be
Scheme 3. Summary of bond cleavages observed in SORI CAD
and ECD of metal-adducted petrobactin. Values in bold denote
product ions that were not observed for protonated petrobactin.
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Fe3 charge-reduced complex: abundant loss of CO2/
COOH was observed in both ECD and SORI CAD of
[petrobactin  Fe  H]2 (see Figure 5), whereas such
decarboxylation is very minor in ECD and SORI CAD of
[petrobactin  Ga  H]2. The abundant loss of CO2/
COOH from the Fe3 complex suggests that Fe3 pref-
erentially binds to the carboxylate groups of petrobactin
whereas Ga3 does not (consistent with literature pro-
posing electron capture at metal centers and bond
cleavages in their close vicinity [45, 47– 49]). Recently,
Butler and coworkers [5] found that photolysis of
Fe3–petrobactin complex resulted in decarboxylation
and oxidation. They proposed a structure for Fe3–
petrobactin in which Fe3 binds simultaneously to the
carboxylate group and the hydroxyl groups of the
dihydroxybenzoyl moiety. Our gas-phase results corre-
late with their proposed structure to some extent: the
abundant loss of two H2O from [581.33 Fe]
 indicates
the presence of interactions between Fe3 and hydroxyl
groups. Similar preference for small neutral losses was
reported by O’Connor and coworkers in ECD of co-
valently cyclic structures [50].
The SORI CAD MS/MS spectra of [petrobactin 
Fe  H]2 and [petrobactin  Ga  H]2 (bottom
spectra in Figures 5 and 6) also show some significant
differences: although decarboxylation from the precur-
sor ion or from metal-containing product ions is the
dominant process in SORI CAD of [petrobactin  Fe 
Figure 5. ECD (top, 300 ms, 1 V cathode bias voltage, 32 scans)
and SORI CAD (bottom, 8-ms argon pulse, 16 scans) spectra from
[petrobactin  Fe  H]2. Electronic noise and product ions
present before electron irradiation (as a result of peptide vibra-
tional excitation) are labeled with asterisks, 3  3rd harmonic.H]2, dominant non-metal-containing product ions atm/z  137.02, 194.08, 282.18, and 324.19 were detected
after SORI CAD of [petrobactin  Ga  H]2. The only
metal-containing product ion found for Ga3 is
[280.17  Ga  H]. Another difference between the
Fe3 and Ga3 petrobactin complexes is that all product
ions observed in SORI CAD of [petrobactin  Fe 
H]2were doubly charged, whereas solely singly charged
products, with the exception of the H2O loss peak, were
observed in SORI CAD of [petrobactin  Ga  H]2. A
possible explanation for the differences found in ECD
and SORI CAD of [pectrobactin  Fe  H]2 and
[pectrobactin  Ga  H]2 is that the latter species is
zwitterionic with a mobile proton (i.e., with two depro-
tonated sites). Such a mobile proton would direct frag-
mentation in SORI CAD, resulting in abundant
non-metal-containing product ions. In ECD, however,
electrons can be captured either by this proton or by the
metal center [48]. Initial capture at the metal can be
followed by transfer to other sites [49], including the
proton, or Coulomb-stabilized amide groups [51], fol-
lowed by proton transfer in the latter case [52] (here, the
preferred source of the proton may be the mobile
proton). These processes would result in formation of
both metal-adducted and non-metal-containing prod-
uct ions. Zwitterionic precursor structures were previ-
ously found to correlate with ECD fragmentation be-
havior of metal-adducted peptides [46, 53].
Intriguingly, the MS/MS results for the Fe3–
petrobactin complex are unique compared to the diva-
lent metal ion complexes and to Ga3. This observation
is in agreement with the iron(III) specificity of sid-
Figure 6. ECD (top, 300 ms, 1 V cathode bias voltage, 32 scans)
and SORI CAD (bottom, 8-ms argon pulse, 16 scans) spectra from
[petrobactin  Ga  H]2. Electronic noise and product ions
present before electron irradiation (as a result of peptide vibra-
tional excitation) are labeled with asterisks, 3  3rd harmonic.
848 LIU ET AL. J Am Soc Mass Spectrom 2007, 18, 842–849erophores and may be explained by Fe3 having a
higher coordination number than that of other metals,
thereby promoting stronger metal–ligand interactions.
Consequently, formation of product ions containing
Fe3 would be energetically more favorable than for-
mation of those without Fe3.
Conclusion
We report that ECD provides complementary structural
information about the siderophore petrobactin com-
pared to SORI CAD and IRMPD, thereby presenting an
advantage for mass spectrometric siderophore charac-
terization. Our ECD and SORI CAD results are intrigu-
ing in that unique properties were found for Fe3–
petrobactin complexes, which are formed with superior
selectivity compared to other metals. The significant
differences observed in MS/MS of Fe3–petrobactin
complexes compared to other metal–petrobactin com-
plexes may be ascribed to two possible reasons. First,
metal–petrobactin complexes other than Fe3–petrobactin
may contain a mobile proton. The presence of this proton
alters the fragmentation patterns in both ECD and SORI
CAD. Second, because metal–ligand interactions for
Fe3 are much stronger than those of other metal
cations, formation of Fe3-containing product ions is
energetically favorable, particularly in SORI CAD.
For other metal cations, however, formation of
non-metal-containing products is also favored. Appli-
cation of ECD to other types of siderophores is under
way.
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